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_ Nano-Materials RoadmapImpact on Space Transportation, Space Scicmce and HEDS CarbonNanotube

CNT is a tubular form of carbon with

diameter as amall as 1 rim.

Length: few am to microns.

CNT is con.figuralaonally equivalent to a

two dimensional graphene sheet

rolled into a tube.

CNT exhibits extraordinary

mechanical properties:

Yotmg's modulus over

1 Tera Pascal, as stiff as

diamond, and tensile strength

- 200 GPa.

CNT can be metallic or semiconducthag,

depending on chirality.
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• Nanomechanics of Nanotubes and Nanotuhe+Polymer Composites

-)Dr. Chengyu Wet (Pesldo¢), Prof. K. Cho (Stanfi_rd University)

• Chemical Functionalization, Thermal Conductivity, Gas Storage

-),Prof. Don Brenner (NC Shale), Prof. M. Osman (Washington Stale)

• Molecular Electronics with Nanotuhe Hetero-jJnctions

-)'Dr. Madhu Mermn (U. Ky) and Dr. Antonis Andrtotis (U.Crete)

• Quantum Computing with Doped Bucky Onio,-ts and Fullerenes

-)Seongjun Park (Student), Prof. K. Cho (Stanford,

• Genetic Algorithm based Searches for New Molecular Force Field

• _AI Globus (NASA Ames)

Spatio-Temporal Resolution

- bulk continuous media

- 1000,000,000 atoms or grid

~ 1000,0oo atoms
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Molecular Dy'narmcs KMC, TDMC Experm_nts Long time structu_Dal

- up to ]OOs of rts Hyperdyr, anucs - up to sec, hmars
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~ High vah]e of Young's Modulus (1.2 -1.3 2" Pa for SWNTs)

- Elastic fimlt up to 10-15% strain

Computer Simulations: Characterization of New Materials!

• Experiment: buckling and collapse of

nanotubes embedded

in polymer composites.

Buckle, bc_d and

ltml_ of thick
tulx_..

Local coUa[me or
fractm¢ of thin

tubes.

Nano6tructured skin effect !

Computer Simulations Generating new IP !

Simulation: 30% yielding strain from fast swam rate (Ups) molecular

dynamacs simulations (B. Yakobson eL al. 1997)

E_erimenta: 6% raaxtmum sir'am in SWCNT ropes; 12% maximum

strata in MWCNTs ?

11.5% tensile _rained 9% te_ite _u'_ined

(10,0) T= 1600K (5,5) T=2_0K
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Transition State Theory Derived

Formula

- yielding: ,arongly dependent

on the strain ate and temperature !

- Linear dcp¢ ldence on the

temperature of the of the yielding

strata vs strata rate ~ activated

process

-Experimental feasible conditions: length - I/zr_ xtrain rate ~ Pnour; T - 300K

Yield strain: 9 ± 1%, Experimen,,s: 6-12% train for SWNT rt_)cs

C. Wei, K. Cho and D. Srtvmtava, submitted Pt ys. Rev. LaetL
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- Structural and thermal properties

Load transfer and mechanical properties

SEM trmges of el_xy_NT cmnposit_

SEM images of polymer (polyvinylacobol)

ribbon contained CNT fibe_ & kno_ed CNT

fibers

I [Lg,_h_lctd_.A_LPhy_ L_t. V73P3_2 1998) (B Vtlolo ettl_Selen_ v290P1331.21100)
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* Thermal conductivity of single-wall nancmbes

• Nanotube/polymer composites as high th_:rmal expansion

coefficient materials

• Thermal conductivity of nanotube/polym_-_r composite

....'lioo¢,
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M. O_nan and D. Srlvmtava, Namt_hnok_,Ve[ 12,21 f20011
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• Thermal peak pmlUen hm J strong

dependence on the radius of the tube

and weak dependence on chiralKy

• High thernmJ conductivity I_al

with highly dlnectiemil heIl-llow

and weak dependence on chlrallty

Small system: L/D-2, Np=10

]TQ
glass I

,"-i "--)'.

Tg i liquid

-Glass transitior temperature Tg increased

from 150K to I"SK

-Thermal expan ion coefficients: (K -_ )

i PE PE-CNT

!r<r_ 3.S×10 _ 4.5×t0 -4 718%

i r>rg 8.6x10 4 xz0x]0 _ ?40%

_(Experimental ", ue 1.0 x 10 -a K- 1; T <Tg)
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Small system: I.JD-2, Np=10

h_on c_r at_a_

m_"T mr_m_ _y1

I Diffusion coefficients of polymer jwith CNTs embedded

Diffusio_ coefficient increased,

especially along CNT axis direction,

indicating erdmncement of thermal

conductivity

* Expertrtznts on diffusivity in

ABS/CN'I" & RTV/CNrl" show larger

increase (Rick Berrera's group at Rice

University)

* C. Wei. D. Sr_vutava. and K. Cho (submitted 2001)

Work hardening of composite

with slxetchmg

TEM images of alignment of CNT:

in a polymer matrix by stretching

tlr_m_l_l_

I

-Yotmg's modulus of CNT composites 30% higher than polymer mawix

-Stretching treatments enhance Y by 50_

(L/D-2. Nr,= 10'} 04 HI: _wr et_k: v-I 4e2*4P_

o.,[ ,',.." /' .>.>_.
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r D. Srlvutmvs, J. D. Schmll, D. W. Brmaner, K. D. Austin, M. Feng

And I_ Rucff, J. PhyL Chem. VoL 11)3, 4330 (1999).
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M. MermrJ and D. Srlvmstavl, Phys. Rev. Lett. Vqd. 74, 4453 (1997)

lI

M. Men_'t and D. Srivastavm, J. MmL Rim. Vol. 13, 2357 (19_1)

D. Sri_st_va, S. Saint and M1M erm_, Molz'cmlar F3_t'trmnles, Ed Avtrarn and Rather, 178 (19_1) I
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• There is not much out there, except emulation _,f Si based paradigms

for some sort of hybrid technolog_

• Nanotube-Crosslxtr based memory and computing

C. Lieber (Harvard)

S Williams (TIP), ], Heath (UCLA)

m

Ce_ Sensory System (truer-re.ton) of a cricket

A 4-1evel dentritic neural tree: 14 branched carbon na,_otube junctions

t,q,..._,, z.

Bioin_cal Dendritic Neural T_'¢_

• One dimem_iomd cable theory +

Hodgkin-Huxhiy model for action-potential
based infornafion flow

• Infom_tion processing is coded in (a)

branching at tbe jutgt_om, and (b) tJrn_-

sm_ sequencing of tbe signal spikes

• input - output - control: is based on (a)

sCructxwal de,tails oft_ branches and

uncUom, and (b) via chemical

nvironn'x:nt

• Short and long term memory is part of the

ili'_l_: evolutionary in uatun_

Carbon Nanotube: Dendritic Tree

• Electronic, acoustic, thernml, and

chemical signal tranym_ssion and

information proceasing

• Information preceding can be based on

(a) bnmching + switching at abe junctions,

and _b) time se._es sequencing of signal-

spi_s
• Input - output - control: can be based on

(a) z_tctur*] details, ('b) c_emica]

envimm'w.nt, and (c) physical conUtcts at

the ends?

• Short and long te_m memory cam be part

of struc_re by c_fec_ and c,bemi c.a]

adsorbate placements: design for specific

purposet fo notional it7
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Solution: Use Encapsulated Atom._ as Qubits !

Eiectmnlc Contxol Gate_

Proposal: Arrays of "encapsulated"

,toms (with ½ nuclear spin - qublts)

will be easy to fabricate as compared

to the arrays of the similar bare atoms.

Example: _}_ encapsulated in C_,

_cctroinc charge

demity shows a

weak rn_-xtabl¢

state of _H at the

center of C_

Su|tabk Solid.state Qublts Identif_d:

• _H encapsu]a_d in a CxD2, fld]erene

• 31p encapsulated in a diamond
nanoc-ystallite

Charge Density of 1H Encapsulated in CzoD20

@ The vldan_ elec/ron ¢havl_ d_Ity of nH leallkes ¢mt of C_,D_

molecule. This is good _d needed for ne/_ boring q_zbit interactions.

S. Park, D. Srivastava and IC Cho, J. NanoS¢. NanoTech. (2001)

Model 2: 31p doped in Diamond or Silicon

• Weakly bound donor electron has strong S-like electronic charge density

at the center, and a _ssmmble spread of the decay for off c_ni_r I_SlfionS

_P in Diamond _tp in SI

S. Park, D. Srivastava and K. CIm, J. NanoSc. and NanoTech. (2001)

m
J. Han, A Globus and R. Jaffe
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